Genetic basis of thrombosis in cancer.
Genetically altered cancer cells both provoke and respond to changes in their microenvironment, stroma, and vasculature. This includes local and systemic activation of the coagulation system, which is a part of the functional continuum involving inflammation, angiogenesis, and tissue repair programs, often reactivated in cancer. These responses coevolve with, and contribute to, the malignant process. Cancer coagulopathy is not only a source of comorbidity and mortality in cancer patients, but it also affects the disease biology including processes of tumor growth, initiation, dormancy, invasion, angiogenesis, metastasis, and therapeutic responsiveness. Notably, genetic and cellular differences between different cancer types are paralleled by a degree of diversity in the related coagulation system perturbations. Although some of these differences may be unspecific, iatrogenic, or indirect in nature, others are affected by oncogenic pathways (RAS, EGFR, HER2, MET, PTEN, and TP53) activated in cancer cells due to driver mutations of critical genes. Such mutations cooperate with hypoxia, cellular differentiation, and other influences to alter the expression of tissue factor, protease-activated receptors (e.g., PAR-1 and PAR-2), coagulation factors (FII and FVII), and other molecules related to the hemostatic system. Oncogenic pathways also control secretion of some of these entities from cancer cells, either as soluble proteins, or as cargo of extracellular vesicles/microparticles. Moreover, emerging evidence suggests that the expression profiles of coagulation-related genes differ between molecularly and genetically distinct subgroups of specific malignancies such as glioblastoma multiforme and medulloblastoma. Certain hereditary thrombophilias may also affect cancer pathogenesis. We suggest that mechanisms of cancer coagulopathy may be more diverse and genetically modulated than hitherto realized. If so, a possibility may exist to deliver more personalized, biologically based, anticoagulation, and thereby improve patient survival.